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(54) Title: PROCESS FOR TREATING A MEDIUM CONTAINING ORGANIC CONSTITUENTS 
(57) Abstract 

. - the a,-^ oxidative treatment of a medium, eg. sewage sludge, containing organic cooBiuents, which 
A process is proposed f ^*'^^^ U ™ ^^un, « heated to a first preset low temperature range and kept m dus 
comprises two process steps. In toe ^P^.ff ™£ l ^ s me sladge is fcen heated to a second preset low temperature 
temperature range for * ^ ^^ tKjSe and pLsure range for a preset treatment duration^ In the 

range, pressunzed m a preset °* Pf^f ^ E ^vgen^miched air or technical grade oxygen is introduced mto the medium at 
course of this, an oxygen-containing gas, e.g. an or oxygen w or at most in the lower third of the 

leas, intermittently. The 1°"*"*^^ processes. Between mefirs, and second 
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Description 

The invention relates to a process for the 
chemical oxidative treatment of a medium containing 
organic constituents. 
5 A medium containing organic constituents is taken 

to mean, e.g. sludges which arise in biological cleanup 
of wastewater* For example, primary sludge arises in 
sewage treatment plants, which is formed in a primary 
sedimentation of the wastewater* In addition, excess 

10 sludge is formed in the biological cleanup stage of the 
sewage treatment plant. Finally, digested sludge further 
arises in digestion towers of sewage treatment plants. 
Usually, these sludges are disposed of by landfilling 
them, incinerating them or spreading them on fields. 

15 However, the landfill space available is in increasingly 
short supply, as a result of which this method of 
disposal is constantly becoming more expensive. 
Incineration of the sludges requires high energy expendi- 
ture. Moreover, pollutants are released into the environ- 

20 ment by the exhaust air in this method. Spreading on 
fields is also problematical, since there is the risk of 
contaminating the soils with heavy metals. 

In the present patent application, media con- 
taining organic constituents, in addition to sludges from 

25 sewage treatment plants, are also taken to mean waste- 
waters, landfill leachate waters, soils contaminated by 
organic pollutants etc. For example, polluted soil can be 
slurried with water and treated in a similar manner to 
sewage sludge. 

30 A known process for degrading the organic consti- 

tuents of such media by a chemical oxidative route is so- 
called wet. oxidation. Wet oxidation is taken to mean the 
reaction of (atmospheric) oxygen with organic compounds 
in an aqueous phase at temperatures of 150-370*C and 

35 pressures in the range of 10-220 bar. Such a process is 
described, for example, in DE-B2-27 28 554. However, 
because of th high temperatures and pressures required, 
the conventional processes for wet oxidation result in 
high capital and operating c sts. In processes for wet 

40 oxidation which operate in the lower temperature range of 
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15 0-17 5 °C and at pressures of 10-20 bar, in addition a 
catalyst suet be added and the pH must be d creased to 
0.5-1 • 5/ in order to make the oxidation reactions pos- 
sible. Moreover , in these low-pressure processes, com- 
5 plete oxidation of the organic constituents is not 
obtainable, which requires an additional downstream 
treatment process. 

The object underlying the present invention is to 
provide a process by which media containing organic 
10 constituents can be disposed of in an economical manner 
in an as environmentally friendly manner as possible. 

This object is achieved according to the inven- 
tion by the fact that 

a) the medium is heated in a first process step to a 
15 temperature within a first preset low temperature 

range and kept in this temperature range for a first 
preset treatment duration, 

b) the medium, in a second process step, is brought to 
a temperature within a second preset low temperature 

20 range and pressurized at a pressure within a preset 

low pressure range and kept in this temperature and 
pressure range for a second preset treatment dur- 
ation, an oxygen -containing gas being introduced 
into the medium at least intermittently, and 
25 c) between the first and second process step and/ or 
during the second process step, hydrogen peroxide is 
added to the medium. 

Low temperature and pressure ranges in the 
context of the present invention are taken to mean those 
30 temperature and pressure ranges which are considered low 
in comparison to the temperatures and pressures conven- 
tionally used in chemical oxidative processes. 
Accordingly, the low temperatures and pressures intended 
in the two process steps lie below or at most in the 
35 lower third of the temperature and pressure ranges of 
150-370°C and 10-220 bar conventional in wet-oxidation 
processes. 

Preferably, th upper and lower limits of th 
temperatur range preset in the first process step ar 
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below the upper and lower limits respectively of the 
temperatur range preset in th second process step* 

Thus, in the first process step, a temperature 
range of approximately 70 to approximately 180°C and a 
5 treatment duration of at least 10 minutes Me advan- 
tageously preset, while in the second process step a 
temperature range of approximately 100 to approximately 
2Q0°C, a pressure range of approximately 3 to approxi- 
mately 30 bar and a treatment duration of at least 

10 10 minutes are provided. 

A temperature range markedly below the tempera- 
tures conventional in wet-oxidation processes, that is 
markedly below 150 °C, is expediently preset for the first 
process step, while for the second process step, tempera- 

15 ture and pressure ranges are employed which are roughly 
at the lower limit of the temperature and pressure ranges 
conventional in low-pressure wet-oxidation processes. 

Accordingly, in the first process step, a tem- 
perature range of approximately 80 to approximately 110°C 

20 and a treatment duration of at least 20 minutes are 
preferably preset and in the second process step a 
temperature range of approximately 140 to approximately 
160°C, a pressure range of approximately 5 to approxi- 
mately 15 bar and a treatment duration of at least 

25 20 minutes are preferably preset. 

Preferably, a treatment duration of one hour is 
not exceeded in each case in the first and second process 
step • 

It has been shown that particularly good results 
30 with respect to the degradation of organic constituents 
of the medium and with respect to the reduction in volume 
of the medium are achieved if certain narrow limits axe 
kept to for the temperature and pressure range and the 
treatment duration. Thus, according to a particularly 
35 preferred embodiment of the invention, in the first 
process step the medium is heated to approximately 90 to 
approximately 100°C and kept at this temperature for 
approximately 30 minutes and, in th second process step, 
the m dium is heated to approximately 150°C, pressurized 
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continuously over the entire treatm nt duration during 
the s cond process step or discontinuously, if appro- 
priate, also with varying intensity. The oxygen-con- 
taining gas used can be air. Preferably, oxygen-enriched 
5 air or technical grade oxygen is used. 

The hydrogen peroxide can likewise be added 
continuously or at intervals. Preferably the hydrogen 
peroxide is added at the beginning of the second process 
step in an amount which permits the desired oxidation of 

10 the organic constituents of the medium. The amount added 
is matched to the particular application and the particu- 
lar property of the medium to be treated, where a linear 
correlation between increasing degree of oxidation and 
increasing hydrogen peroxide concentration can be 

15 assumed* 

The process according to the invention has 
decisive advantages in comparison with the prior art: 

Since in comparison to the conventional wet- 
oxidation processes, very low temperatures and pressures 

20 and short treatment times are sufficient in the proposed 
process, the process operates very much more cost effec- 
tively. Also, no pH decrease to 0.5-1.5 is necessary, as 
is the case in the known low-pressure wet-oxidation 
processes. A pH of approximately 3 to approximately 4 can 

25 be employed in the process according to the invention. 
Since the natural pE of sewage sludge also varies in this 
range, neutralizing agent can be completely dispensed 
with under some circumstances. However, at least very 
much less neutralizing agent is necessary than in the 

30 known low-pressure wet-oxidation processes. Moreover, in 
the process according to the invention, in contrast to 
the known low-pressure wet-oxidation processes, no 
addition of catalysts, such as iron, is necessary. Also, 
additional activation of the hydrogen peroxide by UV 

35 irradiation is not necessary. 

In the treatment of sludges arising in 
biological wastewater cleanup, the proposed process 
simultaneously permits a diminution in sludge volume, an 
improved dewat rability and also sanitization and AOX 
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reduction of the sludges. Therefore, the sludg s treated 
can be utilized e.g. as nutrient in agriculture and 
forestry, so that return to the natural cycle is pos- 
sible. 

5 The process can be employed in all biological 

plants in which problems occur in relation to treatment 
and disposal of sludges from the primary sedimentation, 
the biological cleanup stage or the sludge digestion. 
Because of the good dewaterability of the treated sludges 

10 achieved by the process according to the invention, and 
a reduction of the amount of sludge to about half 
{expressed as dry matter), a small residual sludge volume 
results. At relatively high addition of hydrogen 
peroxide, e.g. an amount of 1/3 of the amount of hydrogen 

15 peroxide necessary for complete oxidation, the dry matter 
of activated sludge decreases by about 2/3. 

Furthermore, the process may be advantageously 
used in wastewater treatment, leachate water treatment 
and soil remediation. If the process is used in soil 

20 remediation, the excavated soil is expediently first 
slurried with water to give a soil suspension which can 
then be treated in a similar manner to sewage sludge by 
the process according to the invention. 

The process according to the invention can be 

25 used particularly preferably for precleaning wastewater. 
In the biological cleanup of industrial wastewaters, for 
example, a not inconsiderable proportion of wastewater 
ingredients is degraded by the microorganisms only 
insufficiently, if at all. These so-called refractory 

30 chemical compounds thus pass into the outfall, where they 
lead to the known adverse consequences, for example rapid 
oxygen disappearance with fish dying, formation of roal- 
odours, etc. On the other hand, these refractory sub- 
stances are likewise adsorptively accumulated on the 

35 activated sludges, which then have to be disposed of as 
special waste at great expense. 

If the process according to the invention is used 
for precleaning such wastewaters, it is possible to 
achieve an almost complete removal of the r fractory 
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highly corrosion-resistant, xp nsive materials ar 
avoided* 

Possible uses for the process arise with 
preference in relation to industrial production waste- 
5 waters which can only be cleaned incompletely. The simple 
apparatus requirement coupled with the small space 
requirement make possible a use in existing wastewater 
cleanup plants* 

The invention is described in more detail below 

10 with reference to an illustrative example which relates 
to the treatment of activated sludge from a biological 
sewage treatment plant: 

The sludge for example taken off as excess sludge 
from a biological sewage treatment plant is passed into 

15 a reactor where it is first heated to 100 *C for about 
half an hour in order to destroy the enzyme catalase.* The 
sludge is then pumped into a stirred autoclave to carry 
out the second process step. A predetermined amount of 
hydrogen peroxide is then added to the sludge. This 

20 amount depends on the desired degree of oxidation of the 
treated sludge. In addition, a pH of 3 is set in the 
sludge by addition of a small amount of concentrated 
sulphuric acid. The sludge is heated to a temperature of 
150°C and pressurized to 10 bar* The sludge is kept at 

25 this temperature and this pressure for a treatment 
duration of 30 minutes. In order to ensure good mass 
transfer, the sludge is stirred for the treatment dura- 
tion and an oxygen-containing gas, preferably oxygen- 
enriched air or technical grade oxygen is introduced into 

30 the sludge* 

After a treatment time of 30 minutes in the 
stirred autoclave, the sludge is taken off and can be fed 
to further utilization* The treated sludge has completely 
different properties from the untreated sludge. The 

35 treated sludge sediments rapidly, therefore it can be 
readily dewatered* Moreover, during the treatment, 
sanitization of the sludge takes place, since pathogenic 
microorganisms and helminth eggs are reliably destroyed 
in the reactor. A further advantage which may be 
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mentioned is a reduction of AOX, sine halogenated 
organic compounds are destroyed. In general, during the 
treatment, large organic molecules which are biologically 
resistant (refractory) are broken down into smaller 
5 biodegradable molecules. An aqueous phase can be separa- 
ted off from the treated sludge, which aqueous phase 
principally contains carboxylic acids which make up a 
considerable part of the COD (Chemical Oxygen Demand) 
which has not been destroyed. The carboxylic acids are 

10 readily biodegradable, so that the liquid phase can be 
returned to a biological sewage treatment plant. This 
differentiates the process according to the invention 
fundamentally from other processes in which sludge 
filtrates having a high refractory COD portion are 

15 generated, which sludge filtrates can no longer be 
degraded in the biological part of a sewage treatment 
plant. 

If it is assumed that hydrogen peroxide is used 
in a weight ratio 1:1 to dry matter and the operating 
20 parameters mentioned are complied with, a decrease of the 
total COD content of sludge by approximately 90 % and a 
decrease of the sludge volume by approximately 60 % are 
achieved. 

The present illustrative example relates to a 
25 discontinuous mode of operation in which the reactor for 
carrying out the first process step and the stirred 
autoclave for carrying out the second process step are 
charged with the sludge batchwise. However, a continuous 
mode of operation is also possible, the sludge, to carry 
30 out the first process step, being first passed through a 
first reactor and then, to carry out the second process 
step, being passed through a second reactor. 

Furthermore, it is possible to use just a single 
- reactor to carry out both process steps. In this case the 
35 sludge is first heated in the reactor to 100°C in order 
to destroy the enzyme catalase. After a 30-minute treat- 
ment time at this temperature, a predetermined amount of 
hydrogen peroxide is added to the reactor. The reactor is 
then further heated to 150°C and pressurized to 10 bar. 
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Uquid phase arising in the second process step is taken off and subjected to 
a biological cleanup. 

7 - Process according to any of Claims 1 to 6, characterized in that 
the medium used is wastewater which contains refractory compounds and 
is processed in the first and second process steps so mat fac- 
tory compounds axe converted into biodegradable compounds wtuch are 
degraded in a subsequent biological cleanup stage. 
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